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InAs=GaAs quantum-dot superluminescent
diodes with 110 nm bandwidth
N. Liu, P. Jin and Z.-G. Wang
Broadband superluminescent diodes are fabricated by using InAs=GaAs
self-assembled quantum dots as an active region. The devices exhibited
properties of 110 nm bandwidth with the centre of 1.1 mm and above
30 mWoutput under pulse injection at room temperature.
Introduction: Superluminescent diodes (SLDs) have been used as
broadband light sources in many areas, such as optical gyroscopes and
sensors [1], optical coherence topography (OCT) [2], and wavelength-
division-multiplexing (WDM) systems [3]. Large spectral width and
high output power are important features for SLDs. Usually, quantum
wells (QWs) are used as the active media of SLDs. To realise
broadband output spectrum, several methods have been proposed,
such as using chirped QWs [4] or introducing transitions of excited
states [5]. However, emission spectra of SLDs fabricated by the two
methods always have irregular shape and are sensitive to the injection
current. Recently, Sun et al. [6] proposed that the characteristic of
non-uniform size distribution of self-assembled quantum dots (QDs)
grown by Stranski-Krastanow (SK) mode could be beneficial to
enhancing the spectral width of SLDs. Continuous-wave output of
200 mW with the spectral bandwidth of 60 nm for InAs=GaAs QD-
SLDs have been realised at room temperature [7]. SLDs with
InGaAs=GaAs QDs as an active media have been demonstrated
with a spectral width of 80 nm and pulse output power of 0.9 W
[8]. By using chirped InAs QD multi-layers as well as involving
ground-state and excited-state transitions simultaneously, a spectral
width of 121 nm was achieved [9]. However, the emission spectra in
[9] were irregular in shape and very sensitive to the injection level.
In this Letter, InAs=GaAs QDs with broadband emission spectrum,
which was realised by controlling growth parameters rather than using
chirped QD multi-layers, were employed to fabricate SLDs. Under
2500 mA pulse injection, above 30 mW output power and 110 nm
spectral width were obtained, covering the range from 1040 to 1150 nm.
Fig. 1 Light power from single facet against current under pulse injection
Inset: Dimensions of devices
Experiment: The device structure was grown by a Riber 32P solid-
source molecular beam epitaxy on an nþ-GaAs (001) substrate. First
an n-GaAs buffer (500 nm, n¼ 2 1018 cm3), n-Al0.5Ga0.5As clad-
ding (1.5 mm, n¼ 1 1018 cm3), and graded-index AlxGa1xAs
(100 nm, x¼ 0.5–0.1) were grown. The following were 50 nm
GaAs, QD active region, and another 50 nm GaAs layer. Finally,
graded-index AlxGa1xAs (100 nm, x¼ 0.1–0.5), p-Al0.5Ga0.5As
cladding (1.5 mm, p¼ 1 1018 cm3), and a pþ-GaAs cap layer
(200 nm, n¼ 2 1019 cm3) completed the structure. The active
region was formed by five stacks of In0.2Ga0.8As (2 nm) covered
InAs QDs separated by 15 nm GaAs spacers. There was no difference
in structure or growth parameter between the five QD layers. The
deposition amount and the growth rate for InAs are 2.0 monolayer
(ML) and 0.1 ML=s, respectively. No growth interruption was inserted
during or at the end of the InAs growth period so that QDs with large
size inhomogeneity could be formed. QD SLDs were fabricated in the
form of the tilted-stripe structure (see inset in Fig. 1). The stripe
window was tilted at 6 to suppress lasing. The stripe width and the
length of fabricated QD-SLDs were 10 mm and 1.5 mm, respectively.
No facet coating was applied. The devices were tested at room
temperature in pulse mode with the repetition rate and the duty
cycle of 1 kHz and 3%, respectively.
Results: Fig. 1 is the light output power against current curve of the
devices under pulse injection at room temperature. We find that it
shows a typical superluminescent L-I characteristic. The light power
of above 30 mW was obtained at 2500 mA injection current. The
emission spectra of the device were measured at various injection
currents and are presented in Fig. 2. At 2500 mA, the spectrum shows
a full-width at half-maximum (FWHM) of 110 nm with the centre at
1.1 mm. The enhancement of the FWHM from 90 to 110 nm is found
when the current increases from 500 to 2500 mA. Moreover, the
increase of FWHM is almost caused by the shift of the short-
wavelength side of the spectra. We attribute the phenomenon to the
appearance and increase of excited-state emission with the injection
intensity. Because of the broad ground-state spectrum (see Fig. 2a),
emergence of excited-state transition has little effect on the spectral
shape. The peak located at 955 nm originates from wetting layer state
transitions. Under continuous-wave injection, the output power at
2500 mA decreased to 6.8 mW owing to heating effect.
Fig. 2 Emission spectra under various injection currents (shifted vertically
for clarity)
Conclusion: Broadband InAs=GaAs QD SLDs have been fabricated.
The spectral width of 110 nm with the centre of 1.1 mm was realised.
The output power was above 30 mW under pulse injection at room
temperature.
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